Lack of deuterium isotope effects in the antidepressant effects of (R)-ketamine in a chronic social defeat stress model.
(R,S)-ketamine, an N-methyl-D-aspartate receptor (NMDAR) antagonist, exhibits rapid and long-lasting antidepressant effects and anti-suicidal ideation in treatment-resistant patients with depression. However, the precise mechanisms underlying the antidepressant actions of (R,S)-ketamine are unknown. Although the previous report demonstrated the deuterium isotope effects in the antidepressant actions of (R,S)-ketamine, the deuterium isotope effects in the antidepressant actions of (R)-ketamine, which is more potent than (S)-ketamine, are unknown. We examined whether deuterium substitution at the C6 position could affect antidepressant effects of (R)-ketamine in a chronic social defeat stress (CSDS) model. Pharmacokinetic studies showed that levels of (2R,6R)-d1-hydroxynorketamine [(2R,6R)-d1-HNK], a final metabolite of (R)-d2-ketamine, in the plasma and brain after administration of (R)-d2-ketamine (10 mg/kg) were lower than those of (2R,6R)-HNK from (R)-ketamine (10 mg/kg), indicating deuterium isotope effects in the production of (2R,6R)-HNK. In contrast, levels of (R)-ketamine and its metabolite (R)-norketamine in the plasma and brain were the same for both compounds. In a CSDS model, both (R)-ketamine (10 mg/kg) and (R)-d2-ketamine (10 mg/kg) showed rapid and long-lasting (7 days) antidepressant effects, indicating no deuterium isotope effect in the antidepressant effects of (R)-ketamine. The present study suggests that deuterium substitution of hydrogen at the C6 position slows the metabolism from (R)-ketamine to (2R,6R)-HNK in mice. In contrast, we did not find the deuterium isotope effects in terms of the rapid and long-lasting antidepressant effects of (R)-ketamine in a CSDS model. Therefore, it is unlikely that (2R,6R)-HNK is essential for antidepressant effects of (R)-ketamine.